The detachment of plant organs is highly choreographed, requiring the enzymatic dissolution of the middle lamella between cell layers at the base of the detaching organ. Now, Lee et al. demonstrate that abscission efficiency and plant health rely on the spatial confinement of enzymatic activity and mechanical features that ensure a smooth separation.
Abscission is a developmental process that leads to the separation of structures. In plants, abscission is typically defined as the process that leads to the detachment of an organ from the remainder of the plant body, a common occurrence during both vegetative and reproductive development. Typical examples of organ detachment are the seasonal shedding of leaves by deciduous trees, the shedding of floral organs after fertilization, or the detachment of fruit from the pedicel upon maturation. Abscission-related properties are among the main agronomic traits selected along plant domestication and breeding as they influence the timing and mechanics of fruit harvest and other factors that affect crop yields (Pickersgill, 2007) .
The detachment process requires that a specific region of the tissue linking the organ to the main body of the plant fails mechanically and succumbs to gravity. For abscission to be successful, two feats have to be accomplished: the mechanical separation of the organ from the plant body (with little or no aid from external forces) and the subsequent protection of the proximal separation surface, as it is now exposed to the environment and thus subject to biotic and abiotic stress agents (Tucker and Kim, 2015) . In this issue of Cell, Lee et al. demonstrate how two adjacent cell layers in the abscission zone coordinate and regulate their activities to ensure precise separation and rapid protection of the newly exposed surface during abscission of floral organs (Lee et al., 2018) .
The destabilization of tissue in the abscission zone is generally achieved by chemical modification to the pectin-rich ''glue'' that holds the cells of a plant tissue together-the middle lamella (Zamil and Geitmann, 2017) . The processes leading to abscission involve a swelling and dissolution of the middle lamella caused by the activity of enzymes such as pectinases. This effect is spatially confined to a precisely defined fracture plane in the tissue, the separation layer, which is located at the connection between the organ and the main body ( Figure 1A ).
While the cellular processes at the proximal side of the abscission zone are well studied, those at the distal side are less well understood. Already decades ago, it had been noted that phloroglucinol-HCl, a stain indicative of lignin, labels cells at the distal side of the separation surface (Addicott, 1982) . Why the plant would invest into this costly cell-wall material given that the detached organ is destined to decompose or be consumed has puzzled researchers. The new study by Lee et al. has shed some light on the ecological advantage of this feature. Using transcriptome analysis, the authors performed a cell-type-specific expression-profile analysis of the cells proximal and distal to the separation plane in the abscission zone of the sepals of Arabidopsis. They detected that expression of genes encoding lignin biosynthetic enzymes and polymerizing enzymes such as peroxidases and laccases is increased in distal cells. When lignin production was inhibited pharmacologically or through mutation, abscission was delayed, pointing at a role for the cell-wall polymer in the abscission process proper rather than a protective function for the detaching sepal.
Based on the location of the lignin deposits, the authors postulate that they may block the diffusion of enzymes involved in dissolving the middle lamella beyond the first cell layer of the separation zone ( Figure 1B) . The purpose of this restriction of enzyme movement would be two pronged. First, in absence of a barrier, the local concentration and efficiency of enzymes would be diluted by diffusion into the apoplast of adjacent tissues ( Figure 1C ). Such a dilution risks delaying organ separation, a hypothesis that was confirmed in mutants with reduced lignin production. Second, enzyme diffusion might lead to digestion of the middle lamella between cells located in layers more distal from the separation layer, which could limit the efficiency of organ detachment. The function of lignin as a diffusion barrier in sepals therefore appears analogous to that of a Casparian strip, a suberin-enriched region in the endodermis of roots that limits the diffusion of solutes through the apoplast.
The authors suggest that lignin at the base of a detaching sepal has a second function. They propose that the honeycomb-shaped deposit of this hard cellwall polymer operates as a mechanical brace that locks the cells at the distal side tightly together. Why would this mechanical feature acting at the side of the detaching organ be advantageous? The authors posit that this tight connection of cells at the distal separation plane ensures a smooth separation surface at the proximal side after detachment. They provide evidence using mutants defective in lignin synthesis, which display an irregular proximal surface as some distal cells remain attached after separation.
A smooth surface could be especially important in herbaceous plants, since the protection of the open ''wound'' remaining after organ detachment occurs by transdifferentiation of the exposed cells into a regular epidermis layer ( Figure 1B) . The formation of a protective layer is essential for plant health and survival-if this process is not initiated rapidly, the exposed tissue risks water loss through evaporation and is prone to invasion by microbial pathogens. In the new study, Lee et al. prove that the irregular surface formed in lignin biosynthesis mutants is actually detrimental to plant fitness. They exposed the separation surface to Pseudomonas syringae, a plant pathogen. The infection rate was much higher in mutants with reduced lignin deposits, corroborating that lack of the lignin brace makes the separation site vulnerable to bacterial pathogens and possibly other stress factors ( Figure 1C ). Whether this vulnerability is related to delayed transdifferentiation, for example a delay in the production of the cuticle, or whether it is easier for pathogenic microorganisms to attach to irregular surfaces remains to be tested.
The active detachment of organs is clearly a non-trivial process that requires sophisticated design features to ensure The middle lamella holding the cells together in the separation zone is enzymatically dissolved, and the adjacent cell walls softened, resulting in cell rounding. The lignin brace in the cell layer distal to the separation stabilizes the structure of the detaching organ, ensuring a smooth proximal separation surface. The exposed cell layer transdifferentiates into a new epidermis and synthesizes a cuticle. (C) Upon disruption of lignin synthesis, pectinases diffuse more distally, and there is no lignin brace to stabilize the base of the detaching organ. The proximal separation fracture is irregular, and transdifferentiation is delayed, which renders the exposed tissue vulnerable to invasion by pathogenic microorganisms. efficient detachment, a clean and smooth separation plane, and rapid protection of the open surface to prevent the plant body from suffering any negative consequences from the organ loss. While the necessity of surface protection seems obvious, the fact that a smooth surface is key to accomplishing a rapid and efficient re-differentiation is an important piece of information in the context of plant wound healing and organ shedding. Beyond the spatial control of gene expression, mechanical control of the physical process of separation benefits the remaining plant body and the healing process. These findings emphasize, once again, the importance of understanding the physical underpinnings of biological processes.
